INTRODUCTION
The incidence of coronary disease involving the left anterior descending artery has been reported as high as 50% among patients undergoing coronary artery bypass grafting. 1 The importance of this vessel (thought to be responsible for at least 50% of the blood supply required for normal left ventricular function) is highlighted by the fact that high grade stenosis of the left anterior descending artery is associated with a worse prognosis than lesions in other coronary arteries. 1 Two approaches are used for revascularisation in patients with occlusive coronary disease-transluminal, such as in percutaneous transluminal coronary artery stenting, and surgical bypass, such as in coronary artery bypass grafting. Although the transluminal approach is considered less invasive, with a reduced procedural morbidity, surgical bypass is thought to result in a more definitive revascularisation and improved long term survival. 2 The ideal primary intervention for isolated lesions of the left anterior descending artery should therefore be one with reduced risk of restenosis while minimising procedural morbidity, mortality, and cost. 3 4 Although percutaneous revascularisation carries a lower procedural morbidity, recent developments in minimally invasive direct coronary artery bypass have meant that definitive surgical revascularisation with left internal thoracic artery to left anterior descending artery anastomosis is possible through either a small left anterior thoracotomy or a ministernotomy, 5 6 in most cases "off-pump" using cardiac stabilisation devices. This potentially removes the need for full sternotomy and cardiopulmonary bypass, both of which increase the cost, invasiveness, and morbidity of the bypass. Recent evidence suggests that for multiple vessel disease, coronary artery bypass grafting results in a more favourable outcome for cost, cardiac events, and the need for revascularisation. 7 Much debate, however, centres on what primary revascularisation strategy is best suited to patients with isolated lesions of the left anterior descending artery, which is associated with different population characteristics. A recent meta-analysis comparing surgical bypass with percutaneous revascularisation of these lesions found in favour of surgery for cardiac events, mortality, and recurrence of angina, 8 although significant heterogeneity existed because of the inclusion of both angioplasty (percutaneous transluminal coronary angioplasty) and stenting (percutaneous transluminal coronary artery stenting) in the percutaneous group and both coronary artery bypass grafting and minimally invasive direct coronary artery bypass in the surgery group. We carried out a meta-analysis to compare the outcomes from the best percutaneous intervention (transluminal coronary artery stenting) with the least invasive surgical intervention (minimally invasive direct coronary artery bypass with left internal thoracic artery) for the management of isolated lesions of the left anterior descending artery.
METHODS
We carried out a literature search using Embase, Medline, Cochrane Library, Google Scholar, and Health Technology Assessment databases, on all studies published between 1966 and 2006 reporting on minimally invasive direct coronary artery bypass with left internal thoracic artery anastomosis compared with percutaneous transluminal coronary artery stenting. We used the Mesh search headings "left internal thoracic artery", "MIDCAB", "stents", "coronary artery bypass/methods", "angioplasty, transluminal, percutaneous", and "comparative study". To broaden the search we used the "related articles" function. We reviewed all abstracts, studies, and citations irrespective of language.
Three reviewers (CR, SSP, and TA) independently extracted data from each study on first author, year of publication, population characteristics, design, followup, severity of coronary artery disease, cardiovascular risk factors, use of cardiopulmonary bypass, inclusion and exclusion criteria, and outcomes.
Inclusion and exclusion criteria
To be eligible for inclusion in our meta-analysis studies had to compare minimally invasive internal thoracic artery bypass with transluminal stenting for isolated lesions of the left anterior descending artery, include a patient group undergoing the procedure as a primary intervention, report on at least one outcome of interest, and contain a previously unreported patient group (if the same author published multiple studies reporting outcomes at different follow-up points, we extracted patient characteristics from the first study, with data for outcomes of interest at subsequent follow-up times extracted from the later studies). When two studies by the same institution reported the same outcomes at similar follow-up periods, we included in our analysis either the better quality or the most informative publication. We contacted the first author for clarification of discrepancies.
We excluded studies if the primary intervention strategy could not be defined and if the outcomes of interest were not reported or it was impossible to calculate these from the published results.
Outcomes of interest and definitions
Over the total follow-up period we compared the two interventions for several outcomes: recurrence of angina, postoperative myocardial infarction (both Q and non-Q wave myocardial infarction within 30 days of operation), myocardial infarction at maximum follow-up (both Q and non-Q wave myocardial infarction occurring at the maximum followup period for the study), stroke (including cerebrovascular event and transient ischaemic attacks), mortality (death at maximum follow-up), need for repeat revascularisation at maximum follow-up (defined as the need for percutaneous intervention or for bypass over the maximum follow-up period of the study), and major adverse coronary and cerebral events (a commonly reported composite outcome in cardiac revascularisation trials including myocardial infarction, stroke, and death).
In our study minimally invasive internal thoracic artery bypass refers to one of three types of bypass. The first is through a small left anterior thoracotomy, when the ribs are retracted to harvest the left internal thoracic artery (conventional technique). The second is when the artery is harvested robotically through a small left anterior thoracotomy without rib retraction (atraumatic coronary artery bypass). The third is through a mini-sternotomy.
Statistical analysis
We carried out our meta-analysis in line with Cochrane Collaboration recommendations and quality of reporting of meta-analyses guidelines. 9 10 For categorical variables we used the odds ratio as the summary statistic. This ratio represents the odds of an adverse event occurring in the treatment (minimally invasive internal thoracic artery bypass) compared with control (transluminal stenting) group. An odds ratio of less than one favours the control group, and the point estimate of the odds ratio is considered statistically significant at the P=0.05 level if the 95% confidence interval does not include the value 1. To translate these results into benefits to clinical outcome we calculated the risk difference and number needed to treat. Risk difference (or absolute risk reduction) here is the difference in the incidence of postoperative complications between treatment and control groups. Number needed to treat is the number of patients who must be treated (using minimally invasive internal thoracic artery bypass) to prevent one complication event (NNT=1/risk difference).
We used the Mantel-Haenszel method to combine the odds ratio for the outcomes of interest. For those studies that contained a zero in one cell for the number of events of interest in one of the two groups we used Yates' correction. 11 12 These cells create problems with the computation of ratio measures and standard errors of treatment effects. We resolved this by adding the value 0.5 in each cell of the 2×2 table for the study in question. We excluded studies with no events in either group.
In this study we used a random effects model, where it is assumed that there is variation between studies and the calculated odds ratio thus has a more conservative value. 13 14 In surgical research, meta-analysis using this model is preferred, particularly because patients undergoing surgery in different centres have varying risk profiles and selection criteria for each surgical technique. In the primary analysis we considered only randomised trials (highest quality evidence). Analysis was carried out by using Intercooled Stata version 7.0 for Windows, RevMan version 4.2, and SPSS Sample Power 2.0 for power analysis calculations.
We used three strategies to assess heterogeneity. Firstly, we reanalysed data using both random and fixed effects models. Secondly, we evaluated publication bias using funnel plots. 13 15 Thirdly, we undertook a sensitivity analysis of three subgroups: randomised trials, studies with follow-up of 12 months or more, and studies with 70 or more patients in each group.
The overall incidence of need for revascularisation at maximum follow-up with transluminal stenting was 67/221 (about 30%). To rule out a 50% relative risk reduction (from 30% to 15%) with a 5% significance level and 90% power, we calculated that a traditional randomised controlled trial would require 174 patients in each arm.
RESULTS
Twelve studies published between 1966 and 2005 matched the inclusion criteria for comparing percutaneous transluminal coronary artery stenting with minimally invasive internal thoracic artery bypass for isolated lesions of the left anterior descending artery. These studies totalled 1952 patients; 67% underwent transluminal stenting and 33% underwent minimally invasive internal thoracic artery bypass.
w1-w15 Two groups each published three studies reporting on the same patient group but were included because they reported outcomes at different follow-up periods in each of these studies.
w2-w7 This paper therefore reports on the results of eight groups over the 12 studies. All three reviewers had 100% agreement on data extraction. The study designs were prospective randomised in six groups, w1-w7 w13-w15 retrospective in one, w11 and prospective non-randomised in one.
w9 Table 1 lists the characteristics of these studies. Figures 1 and 2 show the results from meta-analysis of the randomised trials.
Outcomes of interest
Recurrence of angina Four groups reported on the recurrence of angina, all of which were randomised trials with a follow-up of at least 12 months.
w1-w7 w13 Meta-analysis of these studies showed a significantly higher incidence of recurrence at maximum follow-up with transluminal stenting (29%) compared with minimally invasive internal thoracic artery bypass (14%): odds ratio 2.62 (95% confidence interval 1.32 to 5.21). The risk difference between transluminal stenting and minimally invasive internal thoracic artery bypass was 15% (4% to 25%; NNT=7).
Postoperative myocardial infarction
Seven groups reported on postoperative myocardial infarction during the 30 days after either intervention, w2-w7 w9 w11 w13-w15 of which five were prospective randomised studies, w2-w7 w13-w15 one retrospective, w11 and one prospective non-randomised. w9 Meta-analysis of the five randomised studies did not show any significant difference in the incidence of postoperative myocardial infarction between transluminal stenting (3.7%) and minimally invasive internal thoracic artery bypass (2.7%): odds ratio 1.30 (95% confidence interval 0.51 to 3.32). When all studies were considered, no significant difference was found in postoperative myocardial infarction between the groups (1.3% with transluminal stenting v 1.7% with minimally invasive internal thoracic artery bypass: 0.91, 0.38 to 2.19). Subgroup analysis of studies with a follow-up of at least 12 months w2-w7 w9 w11 w13 w15 also did not show any significant difference between groups (1.1% with transluminal stenting v 1.5% with minimally invasive internal thoracic artery bypass; 0.91, 0.29 to 2.79).
Myocardial infarction at maximum follow-up Seven groups reported on the incidence of myocardial infarction over the maximum follow-up period, which ranged from nine to 92 months.
w1-w4 w9 w11 w13-w15 Of these, five were randomised studies w1-w4 w13-w15 and six contained groups that were followed up for at least a year.
w1-w4 w9 w11 w13 w15 Meta-analysis of the randomised trials showed no significant difference in the incidence of myocardial infarction between transluminal stenting (2.4%) and minimally invasive internal thoracic artery bypass (3.5%): odds ratio 0.75 (95% confidence interval 0.27 to 2.10). When all studies were considered the incidence was 1.2% after transluminal stenting and 1.5% after minimally invasive internal thoracic artery bypass: 0.92 (0.36 to 2.34). When only studies with follow-up of at least one year were considered the incidence was 1.2% after transluminal stenting compared with 1.4% after minimally invasive internal thoracic artery bypass: 0.77 (0.25 to 2.36).
Stroke or transient ischaemic attack
Five groups reported on the incidence of stroke (including transient ischaemic attack), w2-w4 w9 w11 w13 w15 of which three were prospective randomised trials.
w2-w4 w13 w15 All studies had a follow-up time greater than 12 months. Meta-analysis of the randomised trials did not show a significant difference in the incidence of stroke between transluminal stenting (1.9%) and minimally invasive internal thoracic artery bypass (0.5%): odds ratio 2.52 (95% confidence interval 0.48 to 13.2). This was also true when all studies were considered (2% with transluminal stenting v 1.1% with minimally invasive internal thoracic artery bypass; 1.67, 0.67 to 4.19).
Mortality at maximum follow-up
Five groups reported on mortality at maximum followup after the two interventions w1-w7 w11 w13 w15 of which four were randomised.
w1-w7 w15 Meta-analysis of the randomised studies did not show any significant difference in mortality at maximum follow-up between interventions (1.7% with transluminal stenting v 3.4% with minimally invasive internal thoracic artery bypass; odds ratio 0.63, 95% confidence interval 0.16 PTCS=percutaneous transluminal coronary artery stenting; MIDCAB=minimally invasive direct coronary artery bypass with left internal thoracic artery to left anterior descending artery anastomosis. *Standard deviation (interquartile range). †Canadian Cardiovascular Society criteria. ‡1=isolated severe stenosis (≥50%) in proximal left anterior descending artery; 2=agreement that equivalent revascularisation possible; 3=multivessel disease; 4=severe angina; 5=artery diameter ≥3 mm; 6=lesion length ≥20 mm; 7=no other significant coronary lesions; 8=ejection fraction 40%-45%.
to 2.4). When all studies were considered still no significant difference was found (2.9% with transluminal stenting v 3.4% with minimally invasive internal thoracic artery bypass; 0.83, 0.35 to 1.97).
Need for repeat revascularisation at maximum follow-up
Eight groups reported the need for repeat revascularisation (percutaneous or surgical bypass) over their maximum follow-up period. w1-w7 w9 w11 w13-w15 Metaanalysis of the six randomised trials w1-w7 w13-w15 produced a revascularisation rate of 13% for transluminal stenting compared with 4% for minimally invasive internal thoracic artery bypass (odds ratio 4.63, 95% confidence interval 2.52 to 8.51), significantly favouring surgery. The risk difference between transluminal stenting and minimally invasive internal thoracic artery bypass was 9% (2% to 17%; NNT=11). When all studies were considered this difference was still statistically significant (14.3% with transluminal stenting v 4.4% with minimally invasive internal thoracic artery bypass; 3.56, 2.35 to 5.41). Subgroup analysis of seven studies with at least 12 months of follow-up also showed significantly higher revascularisation rates after transluminal stenting (15.4%) compared with minimally invasive internal thoracic artery bypass Composite outcome for major adverse coronary and cerebral events Three studies reported the incidence of the composite outcome for major adverse coronary and cerebral events at maximum follow-up w2-w4 w9 w13 of which two were randomised controlled trials.
w2-w4 w13 Meta-analysis of randomised trials showed a significantly higher incidence of major adverse coronary and cerebral events after transluminal stenting (30%) compared with minimally invasive internal thoracic artery bypass (11%) revascularisation (odds ratio 2.86, 95% confidence interval 1.62 to 5.08). The risk difference between transluminal stenting and minimally invasive internal thoracic artery bypass was 19% (8% to 25%; NNT=5). When all studies were considered the results still favoured surgical revascularisation (21.4% with transluminal stenting v 11.1% with minimally invasive internal thoracic artery bypass; 2.62, 1.71 to 4.02). Table 2 shows the results for sensitivity analysis using fixed and random effects models for postoperative myocardial infarction, need for repeat Fig 1 | Forest plot showing results from meta-analysis of randomised trials reporting need for repeat revascularisation at maximum follow-up, recurrence of angina, and major adverse coronary and cerebral event after minimally invasive thoracic artery bypass compared with transluminal stenting revascularisation, and mortality at maximum followup. The lowest heterogeneity for repeat revascularisation at maximum follow-up was identified when only randomised trials were considered, followed by studies with more than 70 patients in each group. Figure 3 shows a funnel plot of the eight studies reporting this outcome and figure 4 shows a funnel plot for only randomised studies reporting this outcome. In figure 4 the studies are distributed more closely within the 95% confidence interval axis.
Sensitivity analysis

DISCUSSION
The findings from our meta-analysis of studies comparing minimally invasive direct coronary artery bypass with percutaneous transluminal coronary artery stenting suggest that for isolated lesions of the left anterior descending artery the minimally invasive intervention produces a more definitive revascularisation in the mid-term, with a reduced rate of recurrence of angina, incidence of the composite outcome of major adverse coronary and cerebral events, and need for repeat revascularisation. A possible explanation for this may be that stenting has a greater potential to occlude septal branches and diagonals, affecting interventricular septal blood supply. The primary intervention strategy for this disease should therefore be based more on the quality of the revascularisation than just initial morbidity. Several aspects of the included studies deserve consideration. Firstly, none of the studies matched patients for severity of lesions, which has important implications for the success of transluminal stenting (low, moderate, and high risk). 16 Patients with tortuous and diffuse coronary lesions are at greater risk of periprocedural complications from transluminal stenting and may benefit even further from minimally invasive internal thoracic artery bypass. Secondly, as with any minimally invasive surgical technique, the effect of the learning curve for minimally invasive internal thoracic artery bypass must be clarified as it will affect patency rates. Thirdly, advances in robotic minimally invasive direct coronary artery bypass mean that the anastomosis itself can be carried out with further minimisation of trauma. 6 Finally, emergence of new technologies such as drug eluting stents offer the potential to improve the outcome from transluminal stenting, although recent evidence does not show that their use translates to a reduction in total mortality. 17 
Study limitations
Our meta-analysis has several limitations. Firstly, despite our best efforts to select outcome measures that were as absolute as possible the studies may have had slightly different criteria for defining the outcomes of interest thereby increasing heterogeneity. Secondly, neither the allocation of treatment nor the assessment of outcome was blinded. Thirdly, publication bias needs to be borne in mind, particularly in meta-analytic research based on published studies. Fourthly, although the use of a composite outcome (major adverse coronary and cerebral events) is not as robust as reporting its individual components, we included it in this analysis because it is extensively reported in the literature. Finally, the studies varied in inclusion criteria, study design, method of randomisation, treatment protocols, and outcome assessment. It has been suggested that a meta-analysis such as this can highlight areas where large randomised trials comparing two interventions may be improved. 18 Implications for practice The localised nature of isolated lesions of the left anterior descending coronary artery poses an interesting dilemma when deciding the best interventional strategy for patients with this single vessel disease. Traditionally, on the one hand percutaneous transluminal coronary artery stenting offers revascularisation with minimal trauma, whereas on the other hand bypass offers definitive revascularisation but at the expense of a sternotomy. Minimally invasive direct coronary artery bypass allows definitive left internal thoracic artery revascularisation with much less trauma and is most suited to this single vessel disease because only one anastomosis is required distal to the diseased segment. This study has therefore come at a time when the evidence comparing minimally invasive internal thoracic artery bypass and percutaneous transluminal coronary artery stenting is available and the effects of each intervention can be quantified.
Our findings reinforce the need for a multidisciplinary approach (cardiologists and cardiothoracic surgeons) in deciding the best management for patients with isolated lesions of the left anterior descending artery. At present there is a real need to evaluate the long term cost effectiveness and impact on patients' quality of life of minimally invasive internal thoracic artery bypass compared with transluminal stenting. To do this we propose the use of an evidence synthesis approach, which we have undertaken to compare the long term cost effectiveness and effect on quality of life of the two interventions for this patient group. 19 Contributors: OA was responsible for the study design, statistical analysis, data interpretation, manuscript drafting and revision for important intellectual content. CR, SSP, and CJ were responsible for the collection, extraction, analysis, and interpretation of the data. SM was responsible for manuscript design and statistical analysis. AD was responsible for providing important intellectual content throughout the manuscript's production and for approval of the final version. TA is the guarantor. His involvement was critical to every phase of this work and he had access to the data and controlled the decision to publish. 
WHAT THIS STUDY ADDS
For isolated disease of the left anterior descending artery disease, minimally invasive left internal thoracic artery bypass results in fewer mid-term complications than transluminal stenting
